ABSTRACT: Effects of mineral nutrition and combinations of mineral and organic nutrients on the dynamics of vegetative mass development in corn have been examined in a long-term stationary trial. The dynamics was monitored per phenological stage and per plant part.
INTRODUCTION
To ensure optimal conditions for corn nutrition, it is necessary to know the dynamics of dry matter accumulation and the dynamics of nutrition elements uptake during corn growth and development. High doses of NPK nutrients have a positive effect on total dry matter yield and grain dry matter. Dry matter accumulation in the corn hybrid NSSC 70 is very slow at the early stages of growth and development (S p a s o j e v i ã, 1972). The rate of dry matter accumulation starts to increase at the stage of 7-9 leaves and it continues to increase till the stage of full maturity.
In the period from emergence to silk stage (in dependence of climatic conditions of the year and fertilization variant) 68% of final yield are formed ( M a r i n k o v i ã, 1986).
New hybrids have an increased rate of dry matter accumulation from pollination to physiological maturity, low translocation from the stalk and large green leaf area (T o l l e n a a r, 1991; R a j å a n and T o l l e n a a r, 1999).
Nitrogen fertilization increases dry matter weight and nitrogen concentration in grains and leaves (E l -H o u t, 1987; C o u s s o, 1983) .
Dynamics of dry matter formation and nitrogen content and removal increase in proportion with increases in nitrogen fertilization, but more with low N doses and less with high N doses (S t a r å e v i ã et al., 1999).
S a r i ã and J o c i ã (1993) investigated the effect of NPK on main crops yield and concluded that the contributions of nitrogen, phosphorus and potassium to corn yield were 99%, 0% and 0.3%, respectively. Highest yields were achieved with highest amounts of nitrogen fertilizer. However, yield differences were not significant in relation to the yield achieved with the medium dose of nitrogen.
MATERIAL AND METHOD
Experiments have been conducted within the framework of a long-term stationary trial established in 1965 at Rimski Šanåevi experiment field of Institute of Field and Vegetable Crops. The experiments included corn monoculture and a two-crop rotation of corn and winter barley. This study deals with two-year results from corn monoculture and two-crop rotation.
The trial had been established on a chernozem soil with good chemical, physical and biological properties.
The following fertilization variants were examined:
1. Control 2. NPK mineral nutrition 3. Mineral nutrition + stover 4. Mineral nutrition + manure (25 tha -1 every two years) 5. Mineral nutrition + manure in two-crop rotation
The two-crop rotation was manured each year, the monoculture at two--year intervals.
Starting from 1986, three nitrogen levels were applied in the above variants except the control:
-60 kg N ha -1 in the fall -60 kg N ha -1 in the fall + 60 kg N ha -1 in the spring -60 kg N ha -1 in the fall + amount calculated by the N-min method in the spring.
The variants were grown as split plots in four replications. The corn hybrid NSSC 640 was used in the experiment. It was machine--sown into the final row spacing 70x25 cm (57,142 plants/ha).
Samples of plant material were taken during the following phenological stages: The samples consisted of 12 plants (3 plants per replication). For dry matter determination, average samples were made, which were subsequently dried at 105°C. The samples were analyzed for percentage of dry matter, yield of dry matter and proportion of plant parts.
At the 7-leaf stage, we determined the percentages of dry matter in the whole plant and in the following plant parts: stalk, leaf, tassel and ear (grain, cob, husks, ear shank). Dry matter yield was expressed in kgha -1 .
RESULTS AND DISCUSSION
Accumulation of dry matter during particular stages of corn growth and development can be a reliable indicator of final grain yield.
In this study, the accumulation of dry matter in the aboveground plant parts was highly variable in individual stages of growth and development. Accumulation rate depended on stage of development and nutrition variant and it increased with the increase in mineral and organic nutrients. The dynamics of dry matter accumulation per nutrition variant and phonological stage is shown in Figure 1 .
At the 7-leaf stage, dry matter (the average for the whole plant) was 1,127 kgha -1 , which was 7.22% of the total dry matter at full maturity. This was an indication that the intensity of dry matter accumulation at the early stages was low.
Similar low increments at the initial stages of growth and development were obtained by S p a s o j e v i ã (1972), B o g d a n o v i ã (1978), Ã i r ov i ã (1985) and M a r i n k o v i ã (1986). Mineral nutrition significantly influenced the dynamics of dry matter formation. Significant differences between fertilization variants were obtained already at the stage of 7 leaves. The lowest dry matter was found in the control variant (566 kgha -1 ) (Figure 1a ), but mineral nutrition and the combination of mineral and organic nutrition increased the amount of dry matter. The highest dry matter was found in the variant of manuring the two-crop rotation + NPK (1,418 kgha -1 ) (Figure 1e) . Our results were similar to those obtained by J o c i ã (1978), but they were different from those of S p a s o j e v i ã (1972). The latter claimed that, at the initial stage of development, high NPK doses only slightly increased dry matter content, without statistically significant differences.
Intensive growth finishes with the silk stage (the stage of most intensive dry matter accumulation). In relation to the previously analyzed stage, the silk stage differed considerably in dry matter accumulation. Dry matter content was increased in all variants 8.45 times in relation to the previous stage. In the control variant, 72% of the final yield was formed. In the fertilized variants in monoculture, this value ranged from 61.0 to 65.6%. In the variant of manured two-crop rotation + NPK, 50.4% of dry matter was accumulated in the period from emergence to silking. These results were similar to those of M a r i n - There were significant differences in dry matter content in individual plant parts. At the silk stage, stalks and leaves had maximum dry matter contents, and these results matched the results of other researchers (S p a s o j eviã, 1972; J o c i ã, 1974; M a r i n k o v i ã, 1986).
A larger part of the total plant weight was accumulated in the vegetative plant parts (stalks and leaves) and a smaller part in the generative organs (tassel and ear). Smallest amounts of dry matter in all plant parts were found in the control variant. Highest dry matter contents in stalks and leaves were obtained in the variant with manure and stover (Figures 1c and 1a) . Regarding the fertilized variants, ear dry matter was highest in the variant stover + NPK (1,343 kgha -1 ), and smallest in the two-crop rotation (1,250 kgha -1 ). The tassel had small dry matter, which was fairly uniform in the analyzed variants.
In the period from silking to full maturity, stalk and leaf mass kept decreasing. The reason for this was translocation of nutrients into the grain. The two-year average decrease in stalk weight was 31.5% in the control variant. In the fertilized monoculture, the decreases in stalk weight were 34% in the NPK variant, 27% in stover + NPK variant and 40.5% in manure + NPK variant. The decrease in the two-crop rotation was 24%.
From the silk stage to full maturity, leaf weight decreased by 42% in the control variant and 64% in the fertilized monoculture. In the two-crop rotation, leaf mass decreased by 52%. In relation to the results of S p a s o j e v i ã (1972) and M a r i n k o v i ã (1986), we obtained more significant decreases in the stalk and leaf weight.
In the ear, dry matter reduction was recorded from wax maturity to full maturity. Largest reductions were observed in the husks -42% in the control variant, 19.7% in NPK variant, 5% in manure + NPK variant and 10% in the two-crop rotation. Our results are higher than those obtained by M a r i n k ov i ã (1986) .
Dry matter accumulation continued during the stage of wax maturity, but with smaller intensity. At the stage of wax maturity, stalk and leaf dry matter continued to decrease -the accumulated dry matter was translocated into generative plant parts, mostly in grains. Grain dry matter was smallest in the control variant (4,638 kgha -1 ) ( Figure 1a ) and highest in the variant of manuring + NPK in the two-crop rotation (7,954 kgha -1 ) (Figure 1e) . Highest values of stalk weight were registered in the two-crop rotation and the variant of manuring + NPK in the monoculture. Leaf dry matter was highest in the two-crop rotation (2,978 kgha -1 ). The differences between the control and the other fertilization variants were not significant. Dry matter in the cob was highest in the variant of manuring + NPK (1,684 kgha -1 ) (Figure 1d ) and lowest in the variant stover + NPK (1,156 kgha -1 ) (Figure 1c ).
Highest dry matter values in the husks and ear shank were found in the two-crop rotation and the control variant; the values in the other variants did not differ significantly.
Maximum dry matter yields at the stage of wax maturity were achieved in the control variant and the variant of manuring + NPK. In the other fertilization variants, maximum yields were achieved at the stage of full maturity.
The average yield of aboveground dry matter at full maturity was 15,173 kgha -1 for all fertilization variants. At full maturity, dry matter of the whole plant was decreased in relation to the yield of dry matter at wax maturity by 21.2% in the control variant for and by 4.2% in the variant of manuring + NPK. Dry matter was increased in all the other fertilization variants.
At the stage of full maturity, the amount of total accumulated dry matter was decreased, evidently due to leaf atrophy and shedding.
CONCLUSIONS
Based on the results obtained in the two-year experiments, the following conclusions were drawn.
-Dynamics of dry matter accumulation depended on stage of plant development and mineral fertilization variant.
The smallest increment in dry matter in relation to dry matter in full maturity, 7.22%, was obtained at the seven-leaf stage.
-The smallest increment in dry matter for all development stages was in the control variant. Highest increments were obtained in the variant of manured two-crop rotation + NPK and the variant of manuring + NPK in the monoculture.
Highest amounts of dry matter were formed in the period from emergence to silking. In the control variant, 72% of the total yield were formed during that period. In the fertilized variants in the monoculture and the variant of manured two-crop rotation + NPK, the respective percentages were 61.0%-65.6% and 50.4%.
During the silk stage, dry matter yields in stalks and leaves were increasing, while in the period from silking to full maturity the mass of stalks and leaves decreased.
-At the stage of wax maturity, highest dry matter yields were formed in the control variant and the variant of manuring + NPK. In the other variants, highest dry matter yields were achieved at the stage of full maturity.
-Grain dry matter yield kept increasing from the stage of wax maturity to full maturity, except in the control variant where it decreased by 4.9%. Grain dry mass was increased in the NPK variant by 40.4%, in stover + NPK variant by 30% and in manuring + NPK variant by 24.7%. The highest grain dry weight increase was registered in the two-crop rotation -41.6%.
